Abstract-This
I. INTRODUCTION
The reduction of Fe 2 O 3 was a subject of numerous studies and generally used as an adsorbent, a catalyst precursor and an active component of catalytic material [1] . As a catalyst, the reduction behavior and the degree of reduction of the iron species were highly important in such application in industry and some chemical processes [1] , [2] . According to other researchers [3] reducibility is one of the tools to studies the interactions between the metal and the support material in supported catalytic systems. The reduction behavior of Fe 2 O 3 is greatly affected by various factors such as temperature, concentration reduction gas used, particle size, crystallinity and additives to the Fe 2 O 3 [1] , [4] - [6] . The reduction of iron oxide is a complex gas-solid reaction influenced by a complicated structural changes in the intermediate oxides which may include several steps and possibilities indicating two-step mechanism i.e. Fe 2 O 3 → Fe 3 O 4 → Fe or the three-step reaction, i.e. Fe 2 O 3 →Fe 3 O 4 → FeO → Fe which the reaction usually simultaneous [7] , [8] . Other researcher [3] proposed the iron oxide reduction routes depending on the reduction temperature are as following: for T>570 °C Furthermore, noble metal as an additives in particular are more active, stable and can be obtained in a high degree of dispersion on the metal oxide support which allows to improve the catalytic activity of some chemical processes [9] , [10] . To enhance the reduction performance of iron oxide, the addition of noble metals e.g. (Ru, Os and Ag) as additives was considered. Previously, studies of the reduction of doped iron oxide catalyst somehow mostly focused on characterization issues rather than on kinetics simply because of the complexity of the reduction process. Thus, in this work, the nonisothermal temperature programmed reduction was employed to investigate the reduction behavior of Ru, Os and Ag doped iron oxide and compare it to none doped species. In addition, the best performance of doped iron catalyst will be selected for the kinetic studies which will be carried out using different heating rate.
II. METHODOLOGY

A. Materials
Iron (III) oxide (99%) was obtained from Sigma Aldrich Chemical Company and Ruthenium (III) Chloride (99.9%) from Acros Organic, Osmium (III) Chloride hydrate from Sigma Aldrich, silver nitrate from Systerm, Gas mixture of carbon monoxide in nitrogen (10% CO) was obtained from MOX.
B. Catalyst Preparation
The Ru, Os, Ag doped to iron oxide was prepared by impregnating Fe 2 O 3 powder with aqueous solution containing cation additives. The amount of ruthenium, osmium and silver added was adjust to be 3 (mol %) of total metal cation. The Fe 2 O 3 powder was directly impregnated into 50 ml distilled water corresponding metal cation additives in the above proportion and stirred vigorously for 5 hours at room temperature. The impregnated sample was dried at 110 ⁰C overnight and subsequently calcined at 600 ⁰C for 3 hours. 
C. Analysis and Characterization
Temperature programmed reduction (TPR) measurements using a Micromeritic Autochem 2920 Chemisorption Analyzer apparatus; a feed of 10% (v/v) CO in N 2 at a flow rate of 20 mL min -1 (STP) was used as a reducing gas. The 50 mg of samples were heated up to 900 ⁰C, at a rate of 10 ⁰C min -1 and for the kinetic study, different heating rate (10, 13, 15 ⁰C min -1 ) were applied to the samples. The carbon monoxide consumption was monitored using a thermal conductivity detector (TCD). Phase characterization was carried out by X-ray diffraction (XRD) Bruker AXS D8 Advance type with X-ray radiation source of Cu Kα (40 kV, 40 mA) to record the 2θ diffraction angle from 10-80 degree at wavelength (λ = 0.154 nm) to observe the lattice of the structures. For identification purposes of crystalline phase composition, diffraction patterns obtained were matched with standard diffraction (JCPDS) files. Physical surface analysis (BET) of nitrogen adsorption at 77 K (liquid nitrogen) was conducted using a Micromeritics ASAP 2010 instrument to obtain the adsorption isotherm of each sample. The Brunauer-Emmett-Teller (BET) surface area was also calculated from the isotherms. Before analyses were done, samples were degassed at 350 ⁰C for 6 h. It should be noticed that addition of respective noble metals give the diffraction peaks shifted to higher 2θ positions which is mainly due to the lattice constant has changed with the interference of the doped element. Furthermore, the diffraction peaks showing improvement in the crystallinity when loading with Ru, Os and Ag but any diffraction peaks ascribed to their oxides were not observed for the samples containing these additives. These observations suggest a high dispersion of the particles loaded on the iron oxide, a formation of non-crystalline compounds or compounds giving the same diffraction peaks as those of Fe 2 O 3 [11] .
III. RESULTS AND DISCUSSION
A. Structural Properties by XRD
To investigate the role of Ru, Os and Ag in the reduction behaviour of Fe 2 O 3 , the phases formed after the reduction were analyzed by recording the XRD pattern of the residuals obtained after TPR experiments. The samples were collected according to the TPR profile when the reduction of doped Fe 2 O 3 are assumed to be finished. Meanwhile, undoped Fe 2 O 3 was also collected at related temperature for the comparison purposes.
For Ru-Fe 2 O 3 , the reduction process is assumed to be completed when the temperature reached 650 ⁰C. The XRD diffractograms of the Ru-Fe 2 O 3 and undoped Fe 2 O 3 at temperature 650 ⁰C and 900 ⁰C are shown in Fig. 2 [12] mentioned that specific surface area was also an important factor as higher specific surface area usually results in more unsaturated surface coordination sites exposed to the gas which may result in the increasing of the reducibility performance of the iron oxide in this study. O 3 , the temperature for the first peak obtained is 329 ⁰C and for higher temperature, the peaks were observed overlaping to each other with a shoulder of 567 ⁰C and a peak at 591 ⁰C. Even though the TPR pattern of Os-Fe 2 O 3 display a complete reduction process when the temperature reached 700 ⁰C but appearance of weak crystalline FeO observed in the XRD experiment explained the opposite. By addition of the noble metals, the order of the catalyst reducibility is as follows Ru-Fe 2 O 3 > Os-Fe 2 O 3 >Ag-Fe 2 O 3 . 
B. Structural Properties by Isotherm Adsorption of N 2
D. Activation Energy (E a )
Since Ru doped Fe 2 O 3 give complete reduction amongs all
International Journal of Chemical Engineering and Applications, Vol. 6, No. 6, December 2015 samples, it is appropriate to study the kinetic for further details. According to Wimmers's method [13] , the activation energy can be calculated from TPR data by using equation bellow:
ln (Ψ/T max ) = -E a /RT max + ln (AR/E a ) + C
The activation energy is achieved from the shift of rate maximum temperature (T max ) against heating rate (Ψ). If a straight line graph is obtained from the plot of ln (Ψ/T max ) versus 1/ (T max ), the slop is E a /R which R is the gas constant. For this study, to evaluate the activation energy of Ru-Fe 2 O 3 and undoped Fe 2 O 3 a TPR measurement with various heating rate (10, 13 and 15 ⁰C/min) were carried out. The results showed that by increasing the heating rate, the peaks showing a maximal temperature were shifted to higher temperature as shown in Fig. 6 . The activation energy, E a calculated are accordingly to each steps as below: (1) 
